INTRODUCTION
Even though the lipids of bull spermatozoa have been the object of numerous investigations since the initial lipid extractions of Kölliker (1856) Lovern, Olley, Hartree & Mann (1957) , Hartree & Mann (1959) and Gray (1960a, b) have partially succeeded in elucidating the chemical nature of the lipids of ram spermatozoa and drew attention to the presence of a high percentage of plasmalogen in the spermatozoal lipids. Hartree & Mann (1961) presented evidence that the fatty acid moiety of the plasmalogen may be metabolized.
More recently Komarek, Pickett, Lanz & Jensen (1964) , Komarek, Pickett, Gibson & Jensen (1965) and Komarek, Pickett, Gibson & Lanz (1965) Massaro (1962) , subfractionated the choline phosphatide from sphingomyelin.
Elution of the columns was performed at 5°C to reduce the loss of plasma¬ logens. All solvents were deoxygenated before use and a nitrogen gas atmosphere was used whenever possible. Elution of the lipid fractions was monitored using the microplate thin-layer Chromatographie technique of Peifer (1962) .
Gas-liquid chromatography
Fatty acids and aldehydes of the choline phosphatide and ethanolamine phosphatide fractions were analysed by gas-liquid chromatography. The phosphatides were subjected to alkaline and acid hydrolysis, and the resulting free fatty acids and aldehydes were methylated using the boron-trifluoride-methanol procedure (Metcalfe & Schmitz, 1961 ). The methyl esters were then chromato¬ graphed on a Beckman GC-2A apparatus using a yS-cyclodextrin acetate column (Sand & Schlenk, 1961) 
Analytical methods
The total phospholipid fraction and each phospholipid sub-fraction were determined by analysis of lipid phosphorus (Bartlett, 1959) . The aldehyde content of the total phospholipid, choline phosphatide and ethanolamine phosphatide fractions was determined by the phenylhydrazine method (Wittenberg, Korey & Swenson, 1956 ). Total cholesterol content was deter¬ mined in isopropanol by the ferric chloride-sulphuric acid reaction (Zlatkis, Zak & Boyle, 1953 ) using the Technicon AutoAnalyzer. A Cahn microbalance was utilized in the gravimetric determination for total lipid.
RESULTS

Spermatozoal lipids
The average concentrations of the identified lipid components of the sper¬ matozoa are listed in Table 1 . Total lipid determinations were made for only four spermatozoal samples because petroleum jelly used to lubricate the artificial vaginae during semen collection contaminated the other ten samples. Analysis of the lubricant by thin-layer chromatography revealed that it was composed entirely of petroleum hydrocarbon; thus, quantitative determination for the other lipid constituents was not prevented.
The choline phosphatides accounted for 63-6% of the total phospholipid with the ethanolamine phosphatides and sphingomyelin making up 27-2 and 9-1%, respectively. The plasmalogens made up 35-2% of the phospholipid with the major component being phosphatidal choline.
Even though the choline phosphatides and sphingomyelin were fractionated on the silicate-silicic acid columns, complete separation of these components was not attained. Considerable tailing of the two components undoubtedly contributed to the variation between bulls for these constituents.
The low recovery of lipid phosphorus from Chromatographie procedures (average 87%) was due to the use of two columns during chromatography and thin-layer chromatography to monitor the elution.
Analysis of variance revealed no significant differences between breeds of bull for any of the lipid constituents. 7-3-13-9
11-6-21-9 12-1-15-6 4-3-7-4 plasma from fourteen bulls are listed in Palmitaldehyde (16:0 dma) and myristaldehyde (14:0 dma) were the only aldehydes detected in the choline and ethanolamine phosphatide fractions. Palmitaldehyde was the most abundant.
DISCUSSION
The quantity of total lipid per 109 spermatozoa and per ml seminal plasma was lower than values reported by Komarek et al. (1964) . This difference may have been due to differences in lipid extraction technique; however, in pre¬ liminary experiments, ultrasonic treatment using a Branson Model S-75 sonifier on spermatozoa before lipid extraction did not increase the quantity of lipid extracted from spermatozoa.
The relative amounts of phospholipid and cholesterol were similar to results of Miller (1960) and Komarek et al. (1964) . Likewise, the percentage of cho¬ lesterol in seminal plasma lipid agreed with previous reports. However, we found the percentage phospholipid in seminal plasma lipid to be considerably less than reported by Komarek et al. (1964) , i.e. 30-1% compared to 68-6%. This difference may be explained by the fact that the quantitative methods employed in these two investigations differed considerably. In our study the cerebroside was excluded from quantitation with phospholipid since cerebroside does not contain phosphorus; conversely, the gravimetric procedure in their study would include cerebroside in the quantitation of phospholipid.
The relative proportions of choline phosphatides to ethanolamine phos¬ phatides in the spermatozoal lipids were almost identical to that reported by Scott, Dawson & Rowlands (1963) for rat spermatozoa recovered from the ductus deferens. Gray (1960b) reported the phosphatides of whole ram semen consisted of 72% lecithin, 24-8% cephalin and 3-2% sphingomyelin, which was similar to our findings. Lovern et al. (1957) reported that sphingomyelin con¬ stituted 5-5% of the total lipid of ram spermatozoa while we reported 9-1% of the phospholipid for bull spermatozoa.
The finding that plasmalogen constituted an average of 35-2% of the total phospholipid of bull spermatozoa agreed with Masaki & Hartree (1962) who found five samples of bull spermatozoa contained from 32 to 44% of the phospholipid in the form of plasmalogens. However, our results were lower than the 50 to 55% plasmalogen reported for ram spermatozoal phospholipid by Gray (1960b) and Hartree & Mann (1961) . Scott et al. (1963) , on the other hand, reported that rat spermatozoal phospholipids contained only 20% plasmalogen.
The polyglycerol phosphatide was the smallest phospholipid fraction in the bull seminal plasma. This substance has previously been reported to be a constituent of ram spermatozoa by Hartree & Mann (1961) .
The fatty acid composition of the choline and ethanolamine phosphatides of bull spermatozoa and seminal plasma differed considerably from that re¬ ported previously for whole bull semen (Dietz, Pickett, Komarek & Jensen, 1963) , bull spermatozoa (Miller, 1960) , the diglyceride fraction of bull semen (Temer & Korsh, 1962) and the free fatty acids of ram spermatozoa (Hartree & Mann, 1961) . Analysis of choline plasmalogen and lecithin of ram semen by Gray (1960a) (Spencer & Dempster, 1962) phospha¬ tidyl ethanolamine fractions of human platelets (Marcus, Ullman, Safier & Ballard, 1962) , rabbit liver phospholipids (Moore & Williams, 1963) , ethanol¬ amine, serine and choline phosphatides of human erythrocytes (Farquhar, 1962) and ox retina fatty acids (Hands, Sutherland & Bartley, 1965) . In most of these studies the presence of the polyenoic acids was attributed to the mitochondria of cells or tissues. Richardson, Tappel, Smith & Houle (1962) analysed heart and liver mito¬ chondria of numerous species of fish and found that docosahexaenoic acid made up to 23-1% of the total fatty acid content in certain species. It thus seems highly probable that the mitochondrial helix of the sperm cell was the source of the docosahexaenoic acid found in the spermatozoal phospholipids.
Palmitaldehyde and myristaldehyde were the only two aldehydes identified in our study and the former was the most abundant in both phosphatide fractions. Insufficient quantities of phosphatide prevented more detailed ana¬ lysis of the aldehyde constituents such as that performed by Gray (1960a) 
